Dichloromethane extract of the stem bark of Rheedia acuminata yielded three benzophenones with antioxidant activity, the new one named acuminophenone A (1), guttiferone K (2) and isoxanthochymol (3), along with the known xanthones formoxanthone C (4) and macluraxanthone (5). The structures were established through interpretation of their spectroscopic data, the stereochemistry of compounds (1) and (2) were resolved by experimental and computational experiments and their antioxidant activities were measured using the DPPH, ABTS and TEAC assays. The antioxidant results showed that metabolites 1, 4 and 5 had a better antioxidant activity than the reference compound quercetin. In addition, we evaluate the mutagenicity and antimutagenicity of the CH 2 Cl 2 extract as well as of the free radical scavenger compounds 1, 4 and 5 by the AMES Salmonella/microsomal test. No mutagenicity was found in the CH 2 Cl 2 extract using Salmonella typhimurium strains TA98, TA100, TA102, TA1537 and TA1538, with or without S9 metabolic activation. The pure compounds neither showed mutagenicity in TA 102 strain and the most important result was the strong reduction of mutagenic effect induced by hydrogen peroxide in S. typhimurium TA 102, with or without S9, showed by the compounds 1 (more than 93%) and 4 (more than 88%) at 0.02 μg/plate.
Rheedia acuminata Ruiz & Pavon (Guttiferae) is a tree known as "Ocoro" or "Camururu" in the Amazon region of Bolivia [1] . In Bolivian folk medicine, the stem bark and leaves are widely used as a remedy to treat diarrhoea and to wash wounds [2a-2c] . Plants of the family Guttiferae, in particular those belonging to the genera Garcinia, Clusia and Rheedia (subfamily Clusiodeae) produce a series of polyisoprenylated metabolites [3a-3c] . Rheedia species are reported to produce several polyisoprenylated xanthones [4a,4b] , while Garcinia (Garcinieae tribe) species are known to produce not only polyisoprenylated xanthones, but also polyisoprenylated benzophenones [4c] . Both classes of natural products are recognized as having analgesic [5a] , antimicrobial [5b], antioxidant [5c-5e], cytotoxic [5f], antibacterial [2c] and other pharmacological [4a,6] activities.
As part of our screening for antioxidant secondary metabolites in Bolivian plants, we found that the CH 2 Cl 2 extract of the stem bark of R. acuminata showed significant antioxidant effect when using the ABTS [radical cation 2,2'-azino-bis(3-ethylbenzothiozoline-6sulfonate)] and TBARS methods [7] . The dried stem bark of R. acuminata was extracted successively with petroleum ether, CH 2 Cl 2 and EtOH. The ethanolic extract was partitioned between CH 2 Cl 2 and H 2 O to produce a crude CH 2 Cl 2 -EtOH fraction. Both the petroleum ether and CH 2 Cl 2 extracts, together with the crude CH 2 Cl 2 -EtOH fraction were tested for free radical-scavenging activity using the DPPH (1,1-diphenyl-2-dipicrylhydrazyl free radical) and ABTS methods. The results showed that only the CH 2 Cl 2 extract had significant antioxidant activity (58,2% I in the DPPH and 38.8% I in the ABTS assay) [7] . An assay-guided fractionation of the CH 2 Cl 2 extract using silica gel and gel permeation (Sephadex LH-20) chromatography led to the isolation of the five metabolites in pure form (Figure 1 ). While the structures of guttiferone K (2) [8] , isoxanthochymol (3) [9a,9b] , formoxanthone C (4) [10a] , and macluraxanthone (5) [10b,11] were established by comparing their spectroscopic data with those reported in the literature, metabolite 1 proved to be new and its structure was determined through the interpretation of its NMR and MS data. In addition, the stereochemistry of compound 2 was not previously resolved, then the stereochemistry proposed here for 1 and 2 was based in the analysis of our experimental and computational data. . The HMBC correlations observed between H 2 -32 and C-30, C-31 and C-33, and between H 3 -37/H 3 -38 and C-33, C-34 and C-35, showed that the exomethylene group and one of the gem-dimethyl groups were connected through the C-33 methylene; similar HMBC correlations between H 2 -29 and C-30, C-31 and C-36 allowed closing of the six-membered ring. The second gem-dimethyl group was positioned at C-5, following the observed HMBC correlations between H 3 -22/H 3 -23 and C-4/ C-6. The presence of an isoprenyl group as a substituent at C-4 was indicated by the HMBC correlations between H 2 -17 and H-18 to C-4, while the location of the second isoprenyl group at C-6 was shown by the COSY/HMBC correlations between H-6/C-6 and H 2 -24/C-24. The HMBC correlations observed between H 2 -7/H 2 -29 with C-1, C-8 and C-9, indicated that C-7 and C-29 were connected through C-8. Similarly, the HMBC correlations of H 2 -17 with C-3, C-9, C-4 and C-5, made C-9, a keto group, the bridge between C-4 and C-8, and allowed closing another six-membered ring. Finally, placement of the a benzophenone-substituted C-2, a quaternary sp 2 carbon, between C-1 and C-3, led to the formation of a bicyclo[3.3.1]nonane structure. The C-1/ C-2/C-3 enolized β-diketone moiety in the structure of 1 is in agreement with both the experimental NMR data and with those reported for similar benzophenones [9a,9b,12a].
The relative configuration of 1 was determined comparing, the 1 H NMR coupling constants [ 3 J(H-H)] and correlations observed in the NOESY spectrum, with computational models. The conformational search was done using MM3 and OPLS force fields, which gave similar results. Then, the conformers with lower energy were structurally optimized by 6-31G**/M06-2X level considering the solvation effect (CHCl 3 ). The molecular modelling of 1 showed that the side chains have a pronounced freerotation, therefore the comparison between the spectral data and the models was restricted to the bicyclic core. The less energy conformer of 1 confirmed the R chirality of C-6. The spectral data showed that H-7 is a dd and H-7 Compound 2, was isolated as white crystals, mp 260ºC.
The elemental composition C 38 H 50 O 6 was suggested by ESI-HRMS. The IR and UV spectra of 2 displayed the typical bands for polyisoprenylated benzophenones, as discussed above. The only difference between 1 and 2 was found to be the isoprenoid substituent at C-8. The exomenthylene group of 1 was replaced by a methyl group, appearing as a singlet in the 1 H NMR spectrum, in 2. The HMBC correlations observed from H 3 -32, to C-30, C-31 and C-32, reveal that this methyl is attached to an oxygenated carbon. Besides that, all correlations are identical to those described for 1 above. As the unsaturation index of 1 and 2 are identical the lack of double bonds in 2 calls for an additional ring, and this can only be created if the enol oxygen is attached to C-31 to make a pyrane ring in 2.
The relative configuration of 2 was determined as described above for 1. The less energy conformers were compared with crystallographic structure of isogarcinol (Table 2) confirmed that metabolites 1, 4 and 5 have strong antioxidant activity (TEAC= 7.8, 9.6 and 6.5), with better free-radical scavenging activity than the reference antioxidant metabolite quercetin (TEAC= 4.8). Considering that free radicals are mutagens, the free radical scavengers can have anti-mutagenic activities. In this sense, we evaluate the mutagenic and anti-mutagenic effects of the CH 2 Cl 2 extract as well as the free radical scavenger compounds 1, 4 and 5 in the AMES Salmonella/microsomal test. Table 3 shows the results of CH 2 Cl 2 extract, the number of revertants obtained for all strains and concentrations don't even duplicate the value of the negative control (spontaneous revertants). Furthermore, there is no significant difference regarding negative control (F = 1.150; P = 0.417), indicating that the extract is not mutagenic for any strain even at high concentrations (2000 μg/plate). Moreover, the extract demonstrates not to be pro-mutagenic, because even exposed to a metabolic activation there is no mutagenic activity (F = 3.877; P = 0.085). Table 4 , the molecules from R. acuminata are not mutagenic in TA 102 strain without metabolic activation, for instance they are not direct mutagens.
Respect of molecules, according to
The table 5 show the optimal antimutagenic effect of the extract and molecules, the percentage of remaining mutagenesis indicates that both extract and fractions are potent inhibitors of the mutagenesis caused by hydrogen peroxide.
In addition, Tables 2 and 5, show that the xanthone 4 is the strongest free radical scavenger and the best antimutagenic agent isolated from Rheedia acuminata. This strong activity could be related to its high cytotoxic activity shown against cancer cell lines MCF-7, HeLa, HT-29 and KB [9b]. The benzophenone 1 shows also an important anti-mutagenic effect and similar polyisoprenylated benzophenones, as garcinol, showed interesting cytotoxic activity including assays in animal models [13a,13c,14] . Therefore, we suggest to evaluate the cytotoxicity of compound (1) in different cancer cell lines.
Finally, we want to remark that the bioactive compounds are the major secondary metabolites in R. acuminata, with high yield respect of plant material (0.067 % 1, 0.14% 4 and 0.028% 5), so this plant is a good natural font of these interesting compounds and the results showed here will be informed to the people which use this plant as folk medicine.
Experimental

General Experimental Procedures: ESI-HRMS, Waters
Micromass Q-TOF; 1D and 2D NMR, Bruker DRX500; optical rotation, Perkin-Elmer 141 polarimeter. The melting points were determined using a Reichert microscope, and are uncorrected; Silica gel (E.M. Merck,70-230 mesh) and silica gel G-60 (E.M. Merck) were used for CC and VLC, respectively; aluminum and glass plates impregnated with silica gel 60 F 254 (E.M. Merck) were used for analytical (0.25 mm thickness) and preparative (1 mm thickness) TLC. Spots on chromatograms were detected under UV light (254 and 365 nm) and by spraying the plates with 10% H 2 SO 4 , followed by heating.
Plant material:
The stem bark of Rheedia acuminata Ruiz & Pavon (Guttiferae) was collected in October 2000 at San Buena Ventura (La Paz, Bolivia) and identified by Lic. Lia de Michel (Universidad Mayor de San Andres, La Paz). A voucher specimen is kept at the Bolivian National Herbarium in La Paz.
Extraction and Isolation:
The dry and ground plant material (1500 g) was first extracted with petroleum ether (3 L) for 3 h at room temperature; the solution was filtered off and evaporated to yield the petroleum ether extract (25 g). The plant residue was macerated for 12 hours with CH 2 Cl 2 (4 L) to produce, after filtering and evaporating the solvent, the corresponding CH 2 Cl 2 extract (34 g). Finally, the plant residue was extracted with EtOH (4 L) for 42 hours. The ethanolic extract was partitioned between 500 mL CH 2 Cl 2 and 300 mL H 2 O to give a CH 2 Cl 2 /EtOH crude fraction (45 g). The two extracts and the crude fraction were tested for free radical scavenging activity using the DPPH and ABTS methods. The CH 2 Cl 2 extract (34 g) was subjected to VLC purification, eluting with increasing amounts of CH 2 Cl 2 in petroleum ether, followed by increasing amounts of MeOH in CH 2 Cl 2 , finalizing with MeOH. Of the nine main fractions obtained, fractions 3, 4 and 5 demonstrated high antioxidant activity (100%I in DPPH) and were submitted to repeated column chromatography to produce, after purification by recrystallization in MeOH, metabolites 1 (1.02 g), 2 (446 mg), 3 (40 mg), 4 (208 mg) and 5 (414 mg). 
Scavenging Activity of ABTS Radicals -TEAC Test.
Pure metabolites were tested using the Trolox Equivalent Antioxidant Capacity (TEAC) assay. The ABTS•+ cation radical was produced by the reaction between 7 mM ABTS in H 2 O and 2.45 mM potassium persulfate, and stored in the dark at room temperature for 12 h. The ABTS•+ solution was diluted with PBS (pH= 7.4) to an absorbance of 0.70 at 734 nm and equilibrated at 30°C. Samples were diluted with methanol to produce 0.3, 0.5, 1, 1.5, and 2 mM solutions. The reaction was initiated by adding 1 mL of diluted ABTS to 10 L of each sample solution. All determinations were run in triplicate. The percentage inhibition of absorbance at 734 nm for each concentration was calculated relative to a blank absorbance (methanol), and plotted as a function of the concentration of each metabolite or the standard 6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid (Trolox, Aldrich Chemical Co., Gillingham, Dorset, U.K.). IC 50 values denote the concentration of a sample required to scavenge 50% of ABTS•+ cation free radicals. The antioxidant activities of the isolated metabolites 1-5 are expressed as TEAC (Trolox Equivalent Antioxidant Capacity) values in comparison with the TEAC activity of the reference metabolite quercetin. The TEAC value is defined as the concentration of standard Trolox with the same antioxidant capacity as a 1 mM concentration of the antioxidant metabolite under investigation.
Scavenging Activity of DPPH Radicals. Aliquots of 30L
of a methanolic solution containing each fraction or metabolite were added to 3 mL of a 0.004% MeOH solution of DPPH. Absorbance at 517 nm was determined after 30 min and the percentage of inhibition activity was calculated. IC 50 values denote the concentration of a sample required to scavenge 50% of DPPH free radicals.
Mutagenesis:
The potential of mutagenic effects of dichloromethane extract was evaluated using Salmonella typhimurium TA98, TA 100, TA 102, TA1535 and TA1537 strains, the molecules were evaluated in TA102 strain with and without metabolic activation, according the standard method of plate incorporation described by Maron and Ames (1983) , by adding 0.1 mL of the overnight bacterial culture and 0.1 mL of test extract and molecules at different concentrations (extract 2, 20, 200 and 2000 μg/plate and the molecules 0.002, 0.02, 0.2, 2, 20 and 200 μg/plate) to the test tubes. In the case of metabolic activation, 0.5 mL S9 mixture was supplemented. After incubation of culture for 14 h at 37ºC, 2 mL of top agar was added to each tube and then plated on minimal agar. Dimethylsulfoxide was used as negative control and wellknown specific mutagens as positive controls for each strain. The revertants were counted after 72 h of incubation at 37ºC. Rat liver S9 fraction was provided by Moltox Company, and was obtained from Sprague Dawley male rats pretreated with phenobarbital/beta-naphtoflavone. Three plates at two independent assays were used for each concentration tested and for positive and negative controls [15, 16] .
Antimutagenesis: For this assay dichloromethane extract and the molecules were evaluated with TA102 strain, and hydrogen peroxide (H 2 O 2 ) at 100 μg/plate was used as free radical generator. TA102 was frequently reported for its high sensibility to diverse oxidative agents (Levin et al., 1982) . Different concentrations of extract and fractions (from 0.002 to 200 μg/plate) were assessed at the same time to inductor. The plates were incubated at 37°C for 72 hours, followed by counting the number of revertant colonies.
The mutagenicity of H 2 O 2 with DMSO as a positive control in absence of the test compound was defined as 100% mutagenicity. Antimutagenesis was determined as the percentage of remaining mutagenesis (%RM). This value is calculated from results of a minimum of two independent experiments as follows: %RM = 100 x (number of induced revertants per plate in the treatment with both mutagen and extract or fraction/number of induced revertants per plate with mutagen without extract or fraction). Number of induced revertants was calculated subtracting the number of spontaneous revertants obtained in the negative control [17] .
Statistics:
For Ames test, data were compared by analysis of Variance (ANOVA, alpha = 0.01) in order to estimate the mean of fixed effects. The Dunnett test of multiple comparisons was used to analyze the differences between media concentrations of the extract or molecules with respect to negative control. The Student's test was used for statistical analysis of the difference.
